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UV-quenching substance (UVQS), as an emerging municipal solid waste (MSW)-derived leachate
contaminant, has a potential to interfere with UV disinfection when leachate is disposed of at publicly
owned treatment works (POTWs). The objective of this study was to evaluate and compare two chemical
oxidation processes under different operational conditions, i.e. Fenton process and ozonation, for alleviation of UV254 absorbance of a biologically pre-treated landﬁll leachate. Results showed that leachate
UV254 absorbance was reduced due to the UVQS decomposition by hydroxyl radicals ($OH) during Fenton
treatment, or by ozone (O3) and $OH during ozonation. Fenton process exhibited a better treatment
performance than ozonation under their respective optimal conditions, because $OH could effectively
decompose both hydrophobic and hydrophilic dissolved organic matter (DOM), but O3 tended to
selectively oxidize hydrophobic compounds alone. Different analytical techniques, including molecular
weight (MW) fractionation, hydrophobic/hydrophilic isolation, UV spectra scanning, parallel factor
(PARAFAC) analysis, and ﬂuorescence excitation-emission matrix spectrophotometry, were used to
characterize UVQS. After either oxidation treatment, residual UVQS was more hydrophilic with a higher
fraction of low MW molecules. It should be noted that the removed UV254 absorbance (DUV254) was
directly proportional to the removed COD (DCOD) for the both treatments (Fenton process:
DUV254 ¼ 0.011DCOD; ozonation: DUV254 ¼ 0.016DCOD). A greater DUV254/DCOD was observed for
ozonation, suggesting that oxidant was more efﬁciently utilized during ozonation than in Fenton
treatment for mitigation of the UV absorbance.
© 2016 Elsevier Ltd. All rights reserved.
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1. Introduction
Over the past ﬁve decades, landﬁlling has consistently remained
the dominant disposal method of municipal solid wastes (MSW) in
the United States and many other countries (Tchobanoglous and
Kreith, 2002; Ezyske and Deng, 2012). A major environmental
concern of landﬁlls is continuous production of landﬁll leachate
that is a high strength wastewater with various organic wastes and
inorganic species (Kjeldsen et al., 2002; Calace et al., 2001; Calace
and Petronio, 1997; Christensen et al., 1992; Huo et al., 2008).
Leachate management represents an essential component in
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integrated solid waste management due to high capital and operations/maintenance (O&M) costs (the highest single landﬁll operating expense) and increasingly tightening regulations (Walker,
2013; Torrens, 2013). Since the 1970s, a variety of on-site and offsite treatment options have been developed and practiced with a
focus on traditional leachate contaminants including dissolved
organic matter (DOM), ammonia, as well as occasionally heavy
metals and unwanted gases. Recently, additional MSW-derived
contaminants have emerged due to regulatory drivers, challenging the existing leachate treatment facilities. One such example
is UV-quenching substances (UVQS) that can strongly absorb ultraviolet (UV) irradiation in water.
Discharge of leachate to publicly owned treatment works
(POTWs), i.e. wastewater treatment plants owned and operated by
a government agency, is a common and preferred practice in the
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United States, due to the lowest treatment cost and the least
management complexity as compared to other strategies. However,
landﬁll leachate typically contains a high concentration of UVQS
(even after biological treatment) that can signiﬁcantly interfere
with UV disinfection at POTWs. The emerging issue is seriously
challenging the solid waste industry, because a regulatory trend
toward less chlorination disinfection byproducts (DBPs), but with
the same pathogen inactivation requirement, is forcing POTWs to
turn from traditional chlorination to alternative UV disinfection.
Therefore, there is an urgent need to alleviate the UV transmittance
impacts of leachate at POTWs.
UV absorbance of a solution is a measure of the amount of UV
light absorbed by certain constituents at a speciﬁed UV wavelength
(Crittenden et al., 2011). Although 260 nm is the most effective
germicidal wavelength, POTWs utilize 254 nm instead as it is
readily generated by mercury lamps (Zhao et al., 2013). Generally,
more UVQS in leachate results in higher UV254 absorbance, which
more signiﬁcantly reduces the efﬁciency of UV disinfection.
Although some inorganic species (e.g. colloidal TiO2 and soluble
iron) may absorb UV light, they contribute little to overall UV
absorbance due to their limited concentrations in leachate. Rather,
leachate UV absorbance is primarily caused by DOM (Zhao et al.
2012, 2013). Substantial efforts have been made to characterize
and remove leachate DOM since the 1970s, but very few focused on
alleviation of UV- quenching DOM (Zhao et al. 2012, 2013; Gupta
et al., 2014; Zhao, 2012). Aerobic biological treatments are largely
ineffective for removal of UVQS (Zhao et al., 2012). Reverse osmosis
(RO), and to a lesser extent nanoﬁltration (NF), can substantially
remove UVQS in biologically treated leachate (Lei et al., 2015).
However, this energy-intensive treatment option is costly and also
produces membrane concentrate required for disposal. In contrast,
activated carbon (AC) adsorption and Fenton treatment were reported to remove up to 54% and 95% of UV254 absorbance from
mature landﬁll leachates (Zhao et al., 2012; Gupta et al., 2014).
Overall, the knowledge on physicochemical technologies for
reduction of leachate UV254 absorbance still remains limited.
Chemical oxidation is an attractive leachate treatment method
for leachate DOM, because strong oxidants have a potential to
chemically destruct organic wastes. Among different chemical
oxidation processes, Fenton process has proven to be technically
and economically effective for refractory leachate DOM through
oxidation, in addition to coagulation when a high iron dose is used
(Zhang et al., 2005; Deng and Englehardt, 2006; Deng, 2007;
Englehardt et al., 2006; Amor et al., 2015). The Fenton process is
traditionally recognized as a catalytic reaction, during which Fe(II)
activates hydrogen peroxide (H2O2) to produce hydroxyl radicals
($OH) capable of destroying recalcitrant organic compounds at
room temperature (Eq. (1)).
Fe2þ þ H2O2 / Fe3þ þ$OH þ OH

(1)

Removal efﬁciencies of chemical oxygen demand (COD) during
Fenton treatment of landﬁll leachate were reported to range within
35e90% (Deng, 2009). $OH is a highly reactive oxidizing agent, with
a redox potential between 2.8 V (pH 0) and 1.95 V (pH 14).
Compared with other oxidants, $OH-induced oxidation is unselective and rapid with a rate constant on the order of 108-1010 M1s1
(Deng, 2009). It can attack organic compounds to initiate a series of
further decomposition reactions associated with carbon-centered
radicals and oxygen (Deng and Englehardt, 2006). In contrast,
ozone (O3) is a strong oxidant with a redox potential of 2.07 V (Wu
et al., 2004; Kurniawan et al., 2006; Amr et al., 2013). It can directly
decompose certain organic compounds with a rate constant on the
order of 100-103 M1s1. Moreover, OH in water may react with O3
to generate $OH for the oxidation of DOM. The overall reaction
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involving $OH generation from O3 is as follows (Gottschalk et al.,
2000).
3O3 þ H2O / 2$OH þ 4O2

(2)

Under a typical leachate treatment pH range (4.0e10.0), both of the
direct and indirect oxidative mechanisms are of importance during
ozonation.
Although the both oxidation processes are well studied for
leachate DOM, the information regarding their performance on
alleviation of leachate UV absorbance is highly limited. The objective of this study was to evaluate and compare the two oxidation
technologies, i.e. Fenton process and ozonation, for removal of
leachate UVQS under different operational conditions, and acquire
mechanistic information on the interactions between UVQS and the
oxidants. The two oxidation processes were selected because the
Fenton process is one of the most effective advanced oxidation
processes (AOPs) for leachate treatment in terms of treatment
performance and cost (Englehardt et al., 2006; Deng, 2009), and
ozonation represents a common and mature wastewater treatment
technology for the removal of wastewater DOM (Deng and Zhao,
2015). Typically, the chemical oxidation is used as a posttreatment following a biological treatment to minimize O&M
costs since biodegradable material that may otherwise consumes
oxidant has been removed. Therefore, a MSW landﬁll leachate after
sequencing batch reactor (SBR) biological treatment was selected
as an UVQS source in this study. Initial efforts were made to optimize the Fenton and ozonation treatments, based on the removal of
UV254 absorbance. Effects of key factors including pH and chemical
dose were evaluated. DOM in the Fenton and ozone-treated
leachates under their respective optimal conditions was characterized to understand the interactions between UVQS and these
oxidants. Finally, the correlation of the reduced UV absorbance with
the removed COD was determined.
2. Material and method
2.1. Reagents and leachate samples
All the reagents used were at least analytical grade, except as
noted. The leachate sample was collected from an on-site landﬁll
leachate treatment facility in Pennsylvania (PA), United States. The
PA landﬁll has been operated since 1988 and now generates
approximately 378 m3 leachate/day. The on-site treatment train
consisted of SBR, micro-ﬁltration (MF), and reverse osmosis (RO)
treatment systems. The leachate samples for this study were the
efﬂuent just after the SBR treatment (prior to MF and RO so that
UVQS were remaining but biodegradable material was removed)
between April and May of 2015. Once collected, the samples were
delivered to Montclair State University's Water Quality Laboratory
and stored at 4  C in a refrigerator until use. Basic quality parameters of the SBR-treated leachate are as follows: pH ¼ 7.39e7.89,
UV254 absorbance ¼ 12.12e12.58 cm1, COD ¼ 1458e1475 mg/L, 5day biochemical oxygen demand (BOD5) ¼ 45e70 mg/L, dissolved
organic carbon (DOC) ¼ 495e533 mg/L, total dissolved nitrogen
(TDN) ¼ 1190e1270 mg/L, and dissolved inorganic nitrogen
(DIN) ¼ 1120e1210 mg/L. Prior to treatment, the samples were
ﬁltered through 0.45-mm Durapore® PVDF membrane ﬁlters (Millipore, Bedford, MA, USA) to remove particulate matters in leachate.
In the tests to evaluate the effect of volumetric ratio of leachate to
the mixed wastewater consisting of leachate and POTW secondary
efﬂuent (i.e. biologically treated municipal wastewater), secondary
efﬂuent was collected from a local POTW (Elizabeth, NJ, USA) that
uses an activated sludge process. Basic water quality parameters of
the secondary efﬂuent are as follows: pH ¼ 7.95, UV254
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absorbance ¼ 0.15 cm1, COD ¼ 32 mg/L, and DOC ¼ 42 mg/L.

DOD during Fenton and ozonation treatments can be determined as
Eqs. (4) and (5), respectively.

2.2. Chemical oxidation experiments

Fenton treatment : DOD ¼

All the chemical oxidation tests were carried out in triplicate.
Fenton oxidation tests were conducted in 1 L beakers with 200 mL
SBR-treated leachate on magnetic stirrers at room temperature
(20 ± 1  C) and atmospheric pressure. Initial pH was adjusted to the
target levels with 5 M sulfuric acid (H2SO4) or 10 M sodium hydroxide (NaOH) solution. Granular ferrous sulfate (FeSO4$7H2O,
Fisher Scientiﬁc, Pittsburgh, PA, USA) was added followed by
hydrogen peroxide solution (H2O2, 30% w/w, Fisher Scientiﬁc,
Pittsburgh, PA, USA) to initiate the oxidation process. A rapid
mixing (100 rpm) ensured that the solution was in a completely
mixed state during the treatment. After 60-min mixing, NaOH
pellets were added to adjust pH to approximately 6.5, and then
10 mM NaOH solution was added dropwise to increase pH to 8.0, at
which point almost all the soluble iron precipitated as iron hydroxides (residual dissolved iron was undetectable after 0.45 mm
membrane ﬁltration). Subsequently, the beakers were moved on a
four paddle programmable jar tester (Phipps & Bird - 7790-950,
Richmond, VA, USA). A gentle mixing (20 rpm) proceeded for
20 min, followed by 30-min sedimentation. Thereafter, the beakers
were placed into a water bath (Model 2870, Thermo Electron Corporation, Waltham, MA, USA). Leachate was heated at 50  C for
30 min to accelerate self-decomposition of any residual H2O2 that
could interfere with the COD measurement. Finally, the supernatant was collected and then ﬁltered through 0.45-mm membrane
ﬁlters for analysis.
Ozonation tests were performed using an acrylic column reactor
(55.8 cm height and 8.2 cm i.d.) with 500 mL SBR-treated leachate
under a fume hood. Treatment was carried out in a semi-batch
mode at room temperature (20 ± 1  C). O3 was produced from O2
by a laboratory air-cooled corona discharge ozone generator
(0.0e10.0 g O3/h, Model LAB2B, Ozonia Triogen, UK), and was
continuously fed into the leachate through a gas diffuser at the
column bottom. The O3 content in the gas was adjusted using a
variable frequency control knob on the generator at the normal
temperature and pressure (NTP). The gas ﬂow rate was ﬁxed at
250 mL/min. Different O3 doses during the treatment were achieved through the control of different contact times. Off-gas was
delivered into a glass ﬂask with 2% potassium iodide solution for
disposal. The iodometric method (Sevimli and Sarikaya, 2002) was
used to measure residual O3 in the off-gas. Results show that residual O3 was undeletable, thereby suggesting that O3 were
consumed within the reactor. . At designated sampling times, 5 mL
samples were collected, and ﬁltered through 0.45-mm membrane
ﬁlters for analysis.
In this study, dimensionless oxidant dose (DOD) was used to
quantify chemical doses of the oxidants. DOD is deﬁned as chemical
equivalent ratio of the added oxidant to the initial COD (COD0) as
Eq. (3).

DOD ¼

Chemical equivalent of oxidant
Chemical equivalent of COD0

(3)

Considering that COD0 is different from one leachate to another,
the use of DOD would facilitate comparison of the treatment performances of an oxidation treatment technology for different
leachate samples. Theoretically, the added oxidant just eliminates
all the COD at DOD ¼ 1.00, when the following four conditions are
met: 1) the oxidant can completely oxidize target organic pollutants; 2) the decomposition occurs only via electron transfer; 3) no
other co-existing chemical species compete with target pollutants
for the oxidant; and 4) the oxidant cannot self-decay. Speciﬁcally,

Ozonation : DOD ¼

0:471H2 O2
COD0

0:333O3
COD0

(4)

(5)

Here, H2O2 and O3 indicate their respective mass concentrations
(mg/L).
2.3. Analysis
COD was measured colorimetrically following digestion
(20e1500 mg/L range, HACH, Loveland, CO, USA). UV absorbance
and DOC were analyzed using a DR5000 UV/Vis spectrophotometer
(Hach, Loveland, CO, USA) and a total organic carbon (TOC) analyzer
(TOC-LCPH, Shimadzu Corp., Kyoto, Japan), respectively. Fluorescence excitation-emission matrix (EEM) analyses were conducted
with a LS-55 ﬂuorescence spectrometer (Perkin-Elmer, Norwalk,
Connecticut, USA) under the excitation wavelength of
lex ¼ 200e460 nm at 5 nm increments across an emission range of
lem ¼ 240e590 nm at 2 nm intervals. Excitation and emission slit
widths were set to 2.5 nm with a photomultiplier tube voltage of
800 V. Leachate DOM was isolated into fulvic acid (FA), humic-acid
(HA) and hydrophilic (HPI) fractions using a solid phase extraction
(SPE) method (Christensen et al., 1998). This procedure is brieﬂy
described as follows. After 0.45-mm membrane ﬁlter, leachate was
acidiﬁed to pH 2.0 with 10 M hydrochloric acid (HCl). HAs precipitated and then were separated from the solution through centrifugation at 4500 rpm for 15 min. The HA isolates were collected, redissolved in 0.05 M NaOH, and puriﬁed using dialysis against 0.1 M
HCl and deionized water (18.2 MU cm, Millipore). The liquid after
centrifugation passed through cleaned nonionic Supelite™ DAX-8
resins (20e60 mesh) that sorbed FAs(Thurman and Malcolm,
1981). DOM remaining in the liquid was HPIs. To determine molecular weight (MW) distribution of leachate DOM, 200 mL leachate
was sequentially ﬁltered using different MW cut-off ultra-ﬁltration
membranes (100, 10, and 1 kDa, Millipore, Billerica, MA) with a
200 mL Amicon ultraﬁltration stirred cell (Amicon 8200, Millipore,
USA) under the pressure of nitrogen gas. All the analytical results
reported represent the mean of the three replicate samples. Error
bars in the ﬁgures indicate one standard deviation.
Parallel factor analysis (PARAFAC) was used to characterize
leachate UVQS. In the PARAFAC analysis, an alternating least square
algorithm was applied to minimize the sum of squared residuals in
a trilinear model and then estimate underlying EEM spectra. The
model is discussed in detail elsewhere (Bro, 1997; Stedmon and Bro,
2008) and brieﬂy described as below. PARAFAC reduces the dataset
of EEMs into individual ﬂuorescence components and a residual
array (Eq. (6)).

xijk ¼

F
X

aif bif cif þ εijk ; i ¼ 1; …; I; j ¼ 1; …; J; k ¼ 1; …; K

(6)

f ¼1

Where xijk is the ﬂuorescence intensity of the ith sample at the jth
emission and kth excitation wavelength; ai is in direct proportion to
the concentration of the fth ﬂuorophore (component) in the ith
sample (deﬁned as scores); bif and cif represent the estimates of
emission and excitation spectra for the fth ﬂuorophore (deﬁned as
loadings), respectively; F is the number of ﬂuorophores; and εijk is
the residual element due to noise and unexplained variation in the
model (Stedmon et al., 2003). PARAFAC analysis was performed
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using MATLAB 9.0 with the DOMFluor toolbox (www.models.life.
ku.dk). The EEM of a control (Milli-Q water; 18.2 MU/cm) was
subtracted from each dataset. Number of the components was
determined with the split-half validation and core consistency test
(Stedmon and Bro, 2008). EEM datasets of raw leachate and SBR,
Fenton and ozonation-treated leachates were selected to develop
their respective PARAFAC models.
3. Results and discussion
3.1. Fenton process
3.1.1. Effect of pH
Effects of the initial pH on the UV254 absorbance and speciﬁc UV
absorbance (SUVA) as well as the removal efﬁciencies of DOC and
COD during the Fenton treatment are shown in Fig. 1(a) and (b),
respectively. Three H2O2 doses of DOD ¼ 0.25, 0.50 and 1.00 (i.e.
24.3, 48.5, and 97.2 mM) were tested at a ﬁxed molar ratio of Fe(II)
to H2O2 ([Fe(II)]:[H2O2] ¼ 3). At any speciﬁc Fenton reagents' doses,
the removal efﬁciencies of UV254 absorbance, DOC, and COD all
peaked at the initial pH of 6.0. However, the removal of UV254
absorbance showed a different pH dependence pattern from the
removal of DOC or COD during Fenton treatment. As seen, the
removal efﬁciencies of COD or DOC were pH dependent, regardless
of the Fenton reagents' doses. In contrast, the pH dependence of the
UV absorbance removal was noticeable only at low Fenton reagents'
doses, but became less pronounced with the increasing Fenton
reagents' doses. For example, over pH 2.0e9.0, the removal
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efﬁciency of UV254 absorbance signiﬁcantly varied between 57.1%
and 75.9% at DOD ¼ 0.25, but slightly varied between 87.2% and
90.3% at DOD ¼ 1.00. However, under the identical pH range, the
DOC and COD removals substantially varied at 5.5e22.6% and
50.8%e64.3% at DOD ¼ 0.25, respectively, and still widely ranged at
33.4e54.9% and 72.0e82.0% at DOD ¼ 1.00, respectively. The reasons explaining the reliance of the Fenton process on pH have been
discussed in detail in our previous publication (Deng and
Englehardt, 2006). In brief, a too high pH can inhibit the H2O2
decomposition to form $OH, enhance the self-decay of H2O2,
deactivate the catalysis of Fe(II) through the formation of solid
ferrous oxyhydroxide, favor the presence of carbonate and/or bicarbonate that can scavenge $OH, and reduce the reduction potential of $OH, while a too low pH slows down the reactions of Fe(II)
or Fe(III) with H2O2 and enhance the scavenging effect of Hþ on
$OH. Gupta et al. (2014) found an optimal pH range within 3.0e5.0
in the Fenton process for removal of leachate UVQS. The disparity
from this study was likely caused by different natures of UVQS and
different leachate chemistry. A wide range of optimal pH (2.0e6.0)
was reported in previous studies on the Fenton treatment for the
removal of leachate DOM (Deng and Englehardt, 2006).
As seen in Fig. 1(a), SUVA after Fenton treatment varied over a
relatively narrow range (0.79e1.18, 0.66e0.78, and 0.49e0.55 L/
g$m at DOD ¼ 0.25, 0.50 and 1.00, respectively), all much below the
initial SUVA (SUVA0) (2.54 L/g$m). SUVA has been widely accepted
as a surrogate parameter to characterize natural organic matter
(NOM) in natural water, which is very similar with leachate DOM in
terms of chemical structures and properties. SUVA0 fell within
2.0e4.0 L/g$m, implying that the SBR-treated leachate organic
matter was a mixture of humic and non-humic substances with
mixed aromatic and aliphatic characters and with mixed low and
high MW (Edzwald and Tobiason, 2010). SUVA after the treatment
was less than the cutoff of 2.0 L/g$m, suggesting a high fraction of
non-humic substances characterized with high aliphatic and low
hydrophobic charterers and with low MW (Edzwald and Tobiason,
2010). These ﬁndings demonstrated that $OH favorably attacked
hydrophobic molecules with abundant chromophores, reducing
the overall UV absorbance as well as the UV absorbance normalized
over the total organic content. Of note, at any speciﬁc pH, higher
Fenton reagents' doses achieved lower SUVA because more $OH
were produced to destroy the UV quenching functional groups.
3.1.2. Effect of [H2O2]:[Fe(II)]
Effect of the molar ratio of H2O2 to Fe(II) ([H2O2]:[Fe(II)]) on the
removal efﬁciencies of UV254 absorbance, DOC, and COD as well as
SUVA during Fenton treatment is presented in Fig. 2. Of the two

Fig. 1. Effect of initial pH on Fenton treatment of landﬁll leachate: (a) UV254 absorbance removal and SUVA; and (b) DOC and COD removal efﬁciencies (Initial UV254
absorbance ¼ 12.58 cm1; COD0 ¼ 1458 mg/L; DOC0 ¼ 534 mg/L; SUVA0 ¼ 2.54 L/g$m;
and DOD ¼ 1.00, 0.50 and 0.25 with the corresponding [H2O2] ¼ 97.2, 48.6, and
24.3 mM).

Fig. 2. Effect of [H2O2]:[Fe(II)] on the Fenton treatment of landﬁll leachate (Initial
UV254 absorbance ¼ 12.58 cm1; COD0 ¼ 1458 mg/L; DOC0 ¼ 534 mg/L;
SUVA0 ¼ 2.54 L/g$m; DOD ¼ 0.25, i.e. [H2O2] ¼ 24.3 mM; pH0 ¼ 6.0; and the dash lines
indicate the model curves of UV254 absorbance, COD and DOC removal).
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reagents, H2O2 is more essential because its concentration limits
the theoretic maximum $OH yield, while Fe(II) serves as a catalyst.
In the tests, H2O2 was ﬁxed at DOD ¼ 0.25 (i.e. 24.3 mM) and Fe(II)
was varied to achieve different [H2O2]:[Fe(II)] (1.7e15.0). At a low
[H2O2]:[Fe(II)] of 1.7e3.0, the reduction of UV254 absorbance was
almost stabilized at 78.0e80.1%. As the ratio further increased to
15.0, the removal efﬁciency of UV254 absorbance was linearly
decreased to 56.3% (UV removal (%) ¼ 82.5e1.8 [H2O2]:[Fe(II)],
R2 ¼ 0.99). In a similar manner, the COD removal was slightly varied
over 64.0e66.8% at [H2O2]:[Fe(II)] ¼ 1.7e3.0, but linearly decreased
to 32.3% with the increasing [H2O2]:[Fe(II)] from 3.0 to 15.0 (COD
removal (%) ¼ 68.3e2.4 [H2O2]:[Fe(II)], R2 ¼ 0.97). In contrast, the
DOC removal exhibited a different pattern. Although it was stabilized at 19.2e24.3% at the same low [H2O2]:[Fe(II)] range (1.7e3.0),
but was nonlinearly decreased to 4.6% as [H2O2]:[Fe(II)] was
increased to 15.0 (DOC removal (%) ¼ 47.9 ([H2O2]:[Fe(II)])0.9,
R2 ¼ 0.92). The variation of SUVA reﬂected the evolution of
chemical structural transformation of these organic molecules at
different [H2O2]:[Fe(II)]. At [H2O2]:[Fe(II)] ¼ 1.7e3.0, SUVA slightly
varied between 0.64 and 0.73 L/g$m. However, as [H2O2]:[Fe(II)]
increased to 15.0, SUVA was gradually elevated to 1.16 L/g$m,
indicating that fewer low MW and hydrophilic molecules were
produced. These ﬁndings suggested that the aggregate organic
parameters including UV254 absorbance could be effectively
removed over a low [H2O2]:[Fe(II)] range of 1.7e3.0. At a higher
[H2O2]:[Fe(II)], the scavenging effect of H2O2 for $OH became pronounced (Eq. (7)), thereby leading to the less removal of UV254
absorbance, DOC and COD and an increase in SUVA.
$OH þ H2O2 / HO$2 þ H2O

(7)

In order to maximize an effective treatment efﬁciency as well as
minimize the Fe(II) consumption and iron sludge production,
[H2O2]:[Fe(II)] ¼ 3.0 was selected for the following Fenton treatment experiments.
3.1.3. Effect of chemical doses
Effect of Fenton reagents' doses on the Fenton treatment is
shown in Fig. 3 (pH0 ¼ 6.0 and [H2O2]:[Fe(II)] ¼ 3). With the
increasing DOD from 0.0 to 2.0, the increased removal efﬁciencies
of UV254 absorbance, DOC and COD could be described using a
hyperbola equation as below.

Removal efficiencyð%Þ ¼

aDOD
1 þ bDOD

(8)

Fig. 3. Effect of chemical dose on Fenton treatment of landﬁll leachate (Initial UV254
absorbance ¼ 12.58 cm1; COD0 ¼ 1458 mg/L; DOC0 ¼ 534 mg/L; SUVA0 ¼ 2.54 L/g$m;
[H2O2]:[Fe(II)] ¼ 3:1; pH0 ¼ 6.0; and the dash lines indicate the model curves of UV254
absorbance, COD and DOC removal and the SUVA model curve).

Here, a ¼ 1734.8 and b ¼ 18.6 for UV254 absorbance (R2 ¼ 1.00);
a ¼ 142.3 and b ¼ 2.4 for DOC (R2 ¼ 0.99); and, a ¼ 1037.6 and
b ¼ 12.1 for COD (R2 ¼ 0.99). At any speciﬁc DOD, the removal efﬁciencies obeyed the order of UV254 absorbance > COD > DOC. Of
note, the removals of UV254 absorbance and COD exhibited a
biphasic pattern. They were dramatically increased to 76.6% and
64.4%, respectively, as the DOD increased from 0.0 to 0.25, but were
moderately improved to 91.0 and 82.8%, respectively, with the
increasing DOD to 2.0. The variation of SUVA at different DOD followed a rational equation as Eq. (9).

SUVA ¼

c þ dOD
1 þ eDOD

(9)

Here, c ¼ 2.54, d ¼ 6.82, and e ¼ 17.62 (R2 ¼ 1.00). At
DOD ¼ 0.0e0.25, SUVA sharply dropped from 2.54 to 0.77 L/g$m,
indicating that the UV reduction occurring at low Fenton reagents'
doses was associated with the transformation from hydrophobic
substances to hydrophilic compounds due to the $OH-induced
oxidation. But SUVA was only slightly decreased to 0.45 as DOD was
further increased to 2.0. These observations suggested that $OH
preferentially destructed UV quenching functional groups and oxygen demanding matters so that UV254 absorbance and COD were
effectively reduced at the low Fenton reagents' doses. However,
additional removals of UV254 absorbance and COD were insigniﬁcant at much higher chemical doses due to two possible reasons.
Firstly, the residual UV quenching functional groups were recalcitrant to $OH; and 2) the $OH scavenging effect of co-existing inert
chemicals such as chloride became more pronounced at high
Fenton reagents' doses at which DOM was largely reduced (Deng
et al., 2012). In contrast, the DOC removal consistently went up
from 0.0 to 49.0% with the increasing DOD from 0.0 to 2.0, showing
a different evolution pattern from UV254 absorbance and COD. It
should be noted that the mineralization of organic matters progressively took place over the entire chemical doses, showing that
the DOM degradation was not obviously inhibited by co-existing
chemical species, and effectively ruling out the principal role of
leachate matrix constituents in the inhibition of the UV254 absorbance elimination. Therefore, the insigniﬁcant improvement in the
additional removal of UV254 at a high DOD range was primarily
because residual UV-quenching moieties were chemically
refractory.

3.2. Ozonation
3.2.1. Effect of pH
Effects of the initial pH on the UV254 absorbance and SUVA as
well as the removal efﬁciencies of DOC and COD during ozonation
are shown in Fig. 4(a) and (b), respectively, at two O3 doses
(DOD ¼ 0.01 and 0.14, i.e. 53 and 639 mg/L). Results show that the
UV254 absorbance and SUVA were heavily affected by chemical
dose, almost regardless of pH (Fig. 4(a)). The reduction in UV254
absorbance was not obviously different at the low O3 dose over pH
3.0e9.0 (20.8e23.1% removal at DOD ¼ 0.01), and only slightly
increased from 56.6% to 64.8% at the high O3 dose (DOD ¼ 0.14)
from pH 3.0 to 9.0. Under the tested pH range, SUVA was relatively
stable at a speciﬁc DOD, ranging between 2.13 and 2.24 L/g$m at
DOD ¼ 0.01 and between 1.29 and 1.38 L/g$m at DOD ¼ 0.14. On the
other hand, the DOC and COD removals exhibited a similar trend
(Fig. 4(b)). At either DOD, their removal efﬁciencies slightly
increased with the increasing pH, because of the shift of the principal oxidant species at different pH. Although O3 is a strong
oxidant itself, it is a selective oxidant and favorably attacks the
ionized and dissociated form of organic compounds, rather than
their neutral forms (Gottschalk et al., 2000). With the increasing
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Fig. 5. Effect of chemical dose on the ozonation treatment of landﬁll leachate: (Initial
UV254 absorbance ¼ 12.12 cm1; COD0 ¼ 1475 mg/L; DOC0 ¼ 531 mg/L;
SUVA0 ¼ 2.28 L/g$m; pH ¼ 7.38 (original); O3 ﬂow rate ¼ 639 mg/h; reaction
time ¼ 0e60 min with the corresponding DOD ¼ 0.00e0.14, i.e. O3 ¼ 0e639 mg/L).

treatment were not found during ozonation. Rather, UV254 absorbance, COD, and DOC removal efﬁciencies all continuously
increased with the increasing DOD. As DOD increased from 0.01 (i.e.
53 mg/L O3) to 0.14 (i.e. 639 mg/L O3), the removal efﬁciencies of
UV254 absorbance, DOC and COD went up from 0.0% to 62.0%, 26.0%,
and 34.3%, respectively. The variation of SUVA with DOD also well
followed a rational equation (Eq. (9)) (c ¼ 2.23, d ¼ 14.45, and
e ¼ 18.71 (R2 ¼ 0.99)). As DOD increased from 0.00 to 0.14, SUVA
gradually dropped from 2.28 to 1.22 L/g$m, indicating chemical
transformation from hydrophobic compounds to hydrophilic molecules. In comparison with the results from Fenton treatment,
ozonation achieved a relatively low UV254 absorbance removal
because $OH, the major oxidant in Fenton process, is more reactive
and less selective than O3.
Fig. 4. Effect of initial pH on the ozonation treatment of landﬁll leachate: (a) UV254
absorbance and SUVA; and (2) DOC and COD (Initial UV254 absorbance ¼ 12.12 cm1;
COD0 ¼ 1475 mg/L; DOC0 ¼ 531 mg/L; SUVA0 ¼ 2.28 L/g$m; O3 ﬂow rate ¼ 639 mg/h;
DOD ¼ 0.01 and 0.14, i.e. O3 ¼ 53 and 639 mg/L).

pH, more $OH is produced via Eq. (2) to initiate an indirect and
unselective oxidation. The OH$ generation during ozonation is a
complex procedure, which has been explained through two
different pathways, i.e. Hoigne, Staehelin, and Bader mechanism
and Gordon, Tomiyasu and Fukutomi mechanism (AWWA, 1991).
Either of the two mechanisms begins with the reaction between O3
and OH.
O3 þ OH / O2$ þ HO2$

3.3. Characterization of DOM before and after oxidation
To better understand the nature and treatability of UVQS in
landﬁll leachate, DOM was analyzed before and after Fenton and
ozonation treatments. MW distributions in terms of UV254 absorbance, DOC and COD before and after treatment are presented in
Fig. 6, Figure SI-1(a) and (b), respectively. As shown in Fig. 6, for the
SBR-treated leachate, UV254 absorbance of <1 kDa, 1e10 kDa,
10e100 kDa, and >100 kDa groups were 7.76, 3.63, 0.38 and

(10)

Considering that OH serves as the initiator of unselective and
more reactive $OH, better oxidation is expected to occur at higher
pH during ozonation.

3.2.2. Effect of ozone dose
Effect of chemical dose on ozonation treatment is shown in
Fig. 5. Because the effect of pH on the UV254 absorbance was
limited, pH was not initially adjusted or controlled during treatment in the ozonation tests. The removal efﬁciencies of UV254
absorbance, DOC and COD could be well described using a hyperbola equation (Eq. (8)). (a ¼ 1840.7 and b ¼ 22.6 for UV254 absorbance (R2 ¼ 1.00); a ¼ 431.9 and b ¼ 9.1 for DOC (R2 ¼ 1.00); and,
a ¼ 944.9 and b ¼ 21.5 for COD (R2 ¼ 0.99)). At any speciﬁc DOD, the
removal
efﬁciency
followed
the
order
of
UV254
absorbance > COD > DOC. It should be noted that the biphasic
removal patterns of UV254 absorbance and COD observed for Fenton

Fig. 6. MW distributions of DOM in terms of UV254 absorbance in the SBR, Fentontreated, and ozonated leachates (Fenton process: initial UV254 ¼ 12.58 cm1,
COD0 ¼ 1458 mg/L, DOC0 ¼ 534 mg/L, [H2O2]:[Fe(II)] ¼ 3:1, pH0 ¼ 6.0, and DOD ¼ 1.0;
Ozonation: initial UV254 absorbance ¼ 12.12 cm1, COD0 ¼ 1475 mg/L, DOC0 ¼ 531 mg/
L, pH ¼ 7.38, and DOD ¼ 0.14).
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0.54 cm1, respectively, with the corresponding fractions of 63%,
30%, 3% and 4%, indicating that a majority of UV254 absorbance in
the SBR-treated leachate derived from low MW molecules. After
Fenton treatment, the residual UV254 absorbance of <1 kDa,
1e10 kDa, 10e100 kDa, and >100 kDa groups were reduced to 1.29,
0.05, 0.07 and 0.08 cm1, respectively. The lowest MW fraction
(<1 kDa) contributed to 87% of the overall residual UV254 absorbance. These ﬁndings suggest that $OH could effectively attack
chromophores in all the MW fractions, and that residual chromospheres were recalcitrant to advanced oxidation and primarily
existed in the low MW fraction. These observations are in agreement with the ﬁndings of Gupta et al. (2014). On the other hand,
ozonation reduced UV254 absorbance of <1 kDa, 1e10 kDa,
10e100 kDa, and >100 kDa groups to 0.21, 0.06, 2.36 and 2.55 cm1,
respectively, with the corresponding fractions of 49%, 46%, 1% and
4%. Results show that ozonation provided an equivalent UV254
absorbance removal only for 10e100 kDa DOM in comparison with
Fenton treatment, but the UV254 absorbance removals of ozonation
for other three MW fractions were inferior, particularly for the low
MW groups (<1 kDa and 1e10 kDa). These ﬁndings indicate that
both $OH and O3 could break down high MW and complex molecules with multiple bonds, thereby leading to the reduction of high
MW groups. However, ozonation was more limited than Fenton
process in the removal of low MW DOM and these down-sized MW
byproducts derived from oxidation.
Hydrophobic and hydrophilic fractions of DOM in terms of
UV254 absorbance, DOC and COD after the treatments are presented
in Fig. 7, Figure SI-2(a) and (b), respectively. UV254 absorbance of
HA, FA and HPI fractions in the SBR-treated leachate were 2.25,
4.92, and 5.04 cm1, respectively, which correspondingly accounted
for 19%, 40%, and 41% of the overall UV254 absorbance, indicating
that all of the three groups signiﬁcantly contributed to the UV
absorbance. Fenton process effectively reduced UV254 absorbance
derived from HA, FA and HPI to 0.11, 0.35 and 0.95 cm1, respectively, suggesting that $OH unselectively degraded chromophores
on all the three fractions. The UV removal efﬁciency followed the
order of HA (95%) > FA (93%) > HPI (81%). On the other hand,
ozonation also substantially removed UV254 absorbance of the two
hydrophobic fractions. Residual HA and FA were only 0.27 and
0.12 cm1, respectively, corresponding to the removal efﬁciencies of
88% and 98%. However, HPI-induced UV254 absorbance was not
signiﬁcantly altered after ozonation, possibly because all the UVquenching functional groups on HPI molecules were extremely
recalcitrant to O3, or because the formation of HPI transformed

from HA and FA offset the loss of HPI removed by ozonation.
Generally, results showed that the HPI molecules were more refractory during ozonation. After Fenton and ozonation treatment,
the fraction of HPI-induced UV254 absorbance in the overall UV254
absorbance increased to 68 and 93%, respectively, implying that
appropriate options in downstream treatment need to be considered for removal of hydrophilic DOM induced UV absorbance.
SUVA of the SBR, Fenton and ozonation-treated leachates are
shown in Table SI-1. Overall, SUVA dropped from 2.24 L/mg$m to
0.47 and 1.36 L/mg$m after Fenton treatment and ozonation,
respectively. However, SUVA of the three individual DOM isolates
were not all reduced after treatment. After Fenton treatment, SUVA
of HA and FA were increased from 4.83 to 5.60 L/mg$m and from
2.57 to 2.90 L/mg$m, respectively. Among the three DOM isolates,
HPI-induced SUVA after oxidation was of the greatest interest,
considering that HPI-induced UV accounted for a majority of UV
absorbance after treatment and might signiﬁcantly inﬂuence
downstream treatment. It should be noted that ozonation did not
greatly alter HPI-induced SUVA because the HPI molecules were
recalcitrant to O3. In contrast, the Fenton treatment dramatically
reduced HPI-induced SUVA to 0.33 L/mg$m, indicating $OH was
more reactive toward UV-adsorbing moieties on HPI molecules.
UV absorbance spectra (200e400 nm) of the SBR-treated, Fenton-treated and ozonated leachates are presented in Fig. 8. The
three spectra were characterized with a shoulder at 200e230 nm
followed by a tailing over 230e400 nm. For the shoulder, the band
centered at 203 nm was likely caused by vibrational perturbations
in the p-electron system (Korshin et al., 1997). In the tailing, the
absorbance at 253 nm (ET band) was a distinctive feature of electronic spectra of aromatic compound (Korshin et al., 1997). The two
oxidation processes could reduce the absorption over the study
wavelength range, suggesting that $OH or O3 could effectively
destruct UV- quenching polar functional groups such as hydroxyl,
carbonyl, carboxyl and ester groups. As seen in Fig. 8, the shoulder
and tailing spectra were all noticeable in the three leachate samples, but became less pronounced after Fenton or ozonation
treatment. In this study, UV253/UV203, an indicator for the presence
of activated aromatic rings in DOM, was reduced from 0.112 to 0.014
and 0.052 after Fenton and ozone-treated leachates, respectively,
demonstrating that either oxidation process could reduce aromatic
constituents and lower UV absorbance.
Fluorescence EEM spectra of the SBR-treated, Fenton-treated,
and ozonated leachates were analyzed using the PARAFAC analysis.
As shown in Fig. 9, four individual components were identiﬁed.

Fig. 7. Hydrophobic and hydrophilic fractions of DOMs in terms of UV254 absorbance in
the SBR, Fenton-treated, and ozonated leachates (Fenton process: initial UV254
absorbance ¼ 12.58 cm1, COD0 ¼ 1458 mg/L, DOC0 ¼ 534 mg/L, [H2O2]:[Fe(II)] ¼ 3:1,
pH0 ¼ 6.0, and DOD ¼ 1.0; Ozonation: initial UV254 absorbance ¼ 12.12 cm1,
COD0 ¼ 1475 mg/L, DOC0 ¼ 531 mg/L, pH ¼ 7.38, and DOD ¼ 0.14).

Fig. 8. The UV scan spectra of DOM in the SBR, Fenton-treated, and ozonated leachates
(Fenton process: initial UV254 absorbance ¼ 12.58 cm1, COD0 ¼ 1458 mg/L,
DOC0 ¼ 534 mg/L, [H2O2]:[Fe(II)] ¼ 3:1, pH0 ¼ 6.0, and DOD ¼ 1.0; Ozonation: initial
UV254 absorbance ¼ 12.12 cm1, COD0 ¼ 1475 mg/L, DOC0 ¼ 531 mg/L, pH ¼ 7.38, and
DOD ¼ 0.14).
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Fig. 9. Fluorescence excitation-emission matrix contours and loadings of the four components identiﬁed from leachate UVQS using the DOMFluor-PARAFAC model.

Component 1 (CP1) had a primary (and secondary) peak at the
excitation/emission wavelengths (Ex/Em) of 232 (286) nm/340 nm,
representing non-humic-like ﬂuorophores such as protein-like
substances (Coble, 1996). The peaks of component 2 (CP2) at 248
(328) nm/408 nm and component 3 (CP3) at 255 (433) 368 nm/
457 nm were associated with the presence of humic substances
(Stedmon et al., 2003) and terrestrial origin A/C-peaks (related to
terrestrial particulate organic matter), respectively (Coble, 1996).
The single peak of component 4 (CP4) at 255 nm/432 nm was likely
caused by fulvic acid, very similar to that of Suwanee River fulvic
acid (Chen et al., 2003). These observations were in consistence
with the ﬁndings in recent other studies on the PARAFAC analysis of
leachate DOM (Lee and Hur, 2016; He et al., 2015). Lee and Hur
(2016) noticed a terrestrial humic-like ﬂuorescence component
(Ex/EM ¼ 255 nm/459 nm) and a microbial humic-like component
(Ex/EM ¼ 250 nm/417 nm) in the PARAFAC analysis of leachate
DOM, which were very similar to the peaks of CP 3 and CP2 in the
study, respectively. He et al. (2015) also identiﬁed the protein-like
components assoicated with the peak at Ex/Em¼ <235e280 nm/
345 nm during the PARAFAC analysis of leachate polluted
groundwater, in agreement with CP1 in this study.
The ﬂuorescence EEM spectra can be divided into ﬁve unique
ExeEm regions that represent different DOM types, respectively,
based on the PARAFAC analysis and the literature related to ﬂuorescence EEM of DOM in natural water (Chen et al., 2003): 1) regions I and II, aromatic proteins (e.g. tyrosine) at Ex/Em of <250
nm/< 380 nm; 2) region III, fulvic acid-like materials at Ex/Em of
<250 nm/> 380 nm; 3) region IV, soluble microbial byproduct-like
materials at Ex/Em of 250e280 nm/< 380 nm; and 4) region V,
humic acid-like organics at Ex/Em of >250 nm/> 380 nm. EEM
images of distilled water and DOM in the SBR-treated, Fentontreated, and ozonated leachates are shown in Fig. 10(a)-(d),
respectively. The EEM peaks in the SBR-treated leachate were
clearly observed in the region III and V (i.e. fulvic and humic acidlike substances). However, any peaks assoicated with HPI, which
substantially contributed to the overall UV254 absorbance, were not
noticeable. Therefore, the EEM analysis appears to be only useful to
indicate UV- quenching moieties of hydrophobic DOM fractions,
but not suitable for UV-assoicated hydrophilic molecules. After
Fenton treatment, ﬂuorescent moieties of the both hydrophobic

DOM groups (region III and V; CP2-4) were effectively eliminated.
In contrast, ozonation considerably removed the ﬂuorophores due
to fulvic-acid like materials (region III; CP4), but less effectively
alleviated the EEM peak from humic-like substances (region V; CP2
and 4).
3.4. DUV254 vs. DCOD
To further analyze and compare treatment performance of the
two oxidation processes for UV254 absorbance removal, the UV254
absorbance removed (DUV254) vs. the COD removed (DCOD) during
Fenton and ozonation treatment is plotted in Fig. 11. Of extreme
interest, DUV254 was directly proportional to DCOD for either
oxidative treatment.
Fenton process: DUV254 ¼ 0.011DCOD, R2 ¼ 0.99

(11)

Ozonation: DUV254 ¼ 0.016DCOD, R2 ¼ 0.99

(12)

However, this correlation was not observed between DUV254
and the DOC removed (DDOC). Although the maximum reduction
in UV254 absorbance cannot be estimated from Eqs. (11) and (12),
the above equations indicate that the ratio of DUV254 to DDOC was
constant for either oxidative treatment. DUV254/DDOC (i.e. the
slope of the model line in Fig. 11) quantiﬁes the UV254 absorbance
reduction when 1 mg/L COD is removed. The higher DUV254/DCOD
observed for ozonation (0.016 L/mg$cm) than that for Fenton process (0.011 L/mg$cm) suggests that ozone more effectively alleviated UV absorbance accompanied with the COD removal. The
disparity was, at least partially, ascribed to different selectivity of
principal oxidants in the two oxidative treatments. As shown in
Fig. 7, Fig. SI-2(a) and (b), O3 as a selective oxidant preferentially
reacted with hydrophobic HA and FA by attacking certain electron
rich moieties (ERMs) including activated aromatic compounds (e.g.
phenol, aniline, and polycyclic aromatics) (Lee and von Gunten,
2010), which are highly correlated with UV254 absorbance. However, O3 almost did not react with HPI with lower SUVA, which had
less abundant UV- quenching moieties than HA and FA. Consequently, the selective decomposition of O3 for hydrophobic DOM
guaranteed a more efﬁcient utilization of O3. Contrary to the
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Fig. 10. EEM images of DOM in DI water and the SBR, Fenton-treated, and ozonated leachates: (a) SBR-treated leachate; (b) Fenton treatment; and (c) ozonation (Fenton process:
initial UV254 absorbance ¼ 12.58 cm1, COD0 ¼ 1458 mg/L, DOC0 ¼ 534 mg/L, [H2O2]:[Fe(II)] ¼ 3:1, pH0 ¼ 6.0, and DOD ¼ 1.0; Ozonation: initial UV254 absorbance ¼ 12.12 cm1,
COD0 ¼ 1475 mg/L, DOC0 ¼ 531 mg/L, pH ¼ 7.38, and DOD ¼ 0.14).

hydrophobic and hydrophilic molecules (Fig. 7). The oxidant consumption on low-SUVA HPI molecules decreased the efﬁciency of
Fenton process on the UV alleviation.
3.5. Environmental implications
To ensure a sufﬁcient UV disinfection at POTWs, the minimum
UV transmittance (UVT) of treated wastewater is at least 65%, i.e.
UV254 absorbance 0.187 cm1 (NWRI, 2012). UVT can be derived
from its UV absorbance (UVA) as follows.
UVT (%) ¼ 10UVA  100

Fig. 11. DUV254 vs. DCOD during Fenton and ozonation treatment of landﬁll leachate
(Fenton process: initial pH ¼ 6.0, initial UV254 absorbance ¼ 12.58 cm1, and
COD0 ¼ 1458 mg/L; Ozonation: initial pH ¼ 7.38, initial UV254 absorbance ¼ 12.12 cm1,
COD0 ¼ 1475 mg/L).

selective ozonation, $OH-induced oxidation during Fenton process
is indiscriminate and $OH reacts with almost all organic moieties
with nearly diffusion-controlled rates (Lee and von Gunten, 2010).
In this study, $OH substantially decomposed chromophores on both

(13)

In this study, UV254 absorbance in Fenton-treated and ozonated
leachate (that had been biologically pretreated) at their respective
optimal conditions were much greater than 0.187 cm1, thereby
implying that Fenton process or ozonation alone as on-site leachate
treatment cannot sufﬁciently meet the typical UVT disinfection
requirement (65%). Co-treatment of leachate and sewage at POTWs
is a common practice in the United States. After the chemical
oxidation the pre-treated leachate would enter into POTWs for cotreatment with sewage. UV absorbance would be further decreased
due to dilution with the domestic sewage. Further reduction due to
biological treatment would not be anticipated since remaining
compounds are bio-refractory. A set of tests were conducted to
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evaluate the effect of volumetric ratio of treated leachate to a mixed
wastewater consisting of the treated leachate and secondary
efﬂuent, as shown in Figure SI-3(a) and (b). Generally, the
maximum volume fraction of leachate in the mixed wastewater to
meet 65% UVT was increased with the increase in DOD. For Fenton
treatment, the acceptable volume fractions were 2% at
DOD ¼ 1.00 and  1% at DOD ¼ 0.25e0.75, separately. For ozonation, a volumetric ratio of 1% could ensure a UVT of >65% at
DOD ¼ 0.14, but the UVT was below 65% at the maximum dilution
ratio used (1%) at DOD ¼ 0.02e0.12. Results indicate that Fenton
process or ozonation is a potential on-site landﬁll leachate treatment method for biologically pretreated leachate to comply with
UVT disinfection requirement with appropriate dilution with secondary efﬂuent. Pretreatment will reduce the amount of dilution
required, thus allowing for a greater fraction of leachate to sewage
as compared to un-pretreated leachate.
4. Conclusions
The major conclusions of this study are as follows.
 Fenton oxidation exhibited a better treatment performance than
zonation due to the production of unselective and more active
oxidants. In the Fenton process, $OH was produced through
Fe(II) activation of H2O2, which indiscriminately attacked chromophores in both hydrophobic and hydrophilic DOM; however,
O3 tended selectively reacted with UV-absorbing moieties on
hydrophobic DOM fraction.
 After either oxidation treatment, the leachate UV-quenching
DOM was more hydrophobic with a higher fraction of low
MW molecules.
 It should be noted that a direct proportional relationship was
observed between the removed UV254 absorbance and COD for
the both treatments. The results also revealed that oxidant was
more efﬁciently utilized during ozonation than in Fenton
treatment for mitigation of UV absorbance.
 In practices, either oxidation alone cannot directly reduce the
UV absorbance to a level suitable for direct UV disinfection.
Rather, the oxidation-treated leachate needs to be appropriately
diluted with secondary efﬂuent prior to UV disinfection at
POTWs. Pretreatment will reduce the amount of dilution
required, thus allowing for a greater fraction of leachate to
sewage as compared to un-pretreated leachate.
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